T he timely introduction of effective disease modifying antirheumatic drugs (DMARDs) can help prevent irreversible articular damage in rheumatoid arthritis (RA). 1 New immunomodulatory approaches may offer greater disease suppression but are expensive and may carry significant adverse effects. Prognostic markers that better predict adverse structural and functional outcomes in early RA would best target these regimens, and provide early biomarkers for the response to new treatments.
Hyaluronic acid (HA) is an unbranched polysaccharide chain molecule produced by type B (fibroblast-like) synoviocytes and chondrocytes. In synovial fluid each molecule consists of a long linear polymer of disaccharide (Nacetylglucosamine and glucuronic acid) repeats and in this form it is important for joint lubrication. HA is also a critical cartilage glycosaminoglycan component, binding and retaining multiple aggrecan monomers and tethering these to chondrocytes through the cell surface glycoprotein CD44. Raised serum levels of HA have previously been noted in RA. The HA level has been reported to correlate with indices of joint inflammation, and may have some specificity for synovial inflammation. It has been suggested that a raised HA level early in disease may also predict future joint destruction. [2] [3] [4] [5] [6] [7] [8] We examined this in a group of patients with early RA (mean symptom duration at baseline 4 months).
PATIENTS AND METHODS

Patients and controls
The patients were part of a prospective cohort of 126 patients with new onset RA recruited between 1995 and 1997 to study magnetic resonance imaging and HLA-DRB1 genotyping. All patients fulfilled the 1987 American College of Rheumatology (then American Rheumatism Association) criteria for RA and had symptoms of 6 months' or less duration at the time of recruitment. Clinical, laboratory, radiographic, and immunogenetic assessments have been described previously.
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Briefly, demographic and clinical data at baseline included median onset age 46 years; symptom duration 4 months; female 67%; rheumatoid factor seropositive 81%; 51% taking a DMARD; 20% taking low dose ((10 mg/day) prednisone; swollen joints 13/66; tender joints 25/68; pain visual analogue scale (VAS) 28/100; Health Assessment Questionnaire (HAQ) 0.6; erythrocyte sedimentation rate (ESR) 27 mm/1st h; and C reactive protein (CRP) 11 mg/l.
In addition to comparison with the manufacturer's reference samples (below) and upper limit of normal, 47 healthy age matched blood donor volunteers acted as controls. The control subjects completed standard blood donor health questionnaires but were not assessed clinically and did not have acute phase or immunogenetic studies. All samples were taken in an ambulant outpatient setting using the same venepuncture technique from the antecubital fossa with a brachial tourniquet and put into gel activated serum separation tubes; most samples were taken during the morning. However, no attempt was made to standardise recent physical activity including weight bearing or ambulation before the clinic visit, nor did we stratify for sample collection time.
Hyaluronic acid assay HA levels were measured in triplicate with a commercial enzyme linked immunosorbent assay (ELISA) kit (Chugai/ Reads Medical Products, Westminster CO) according to the manufacturer's instructions. This sandwich assay uses HA binding protein (HABP) as the immobilised capture phase for HA in the subject's serum sample, followed by the addition of serum, peroxidase linked HABP, then substrate. We assayed 240 sera from 83 patients: 77 samples at baseline, 49 samples at 6 months, 54 samples at 1 year, 39 samples at 18 months, and 21 samples at the 2 year follow up, depending on the availability of archived samples.
Abbreviations: CRP, C reactive protein; DMARD, disease modifying antirheumatic drug; ELISA, enzyme linked immunosorbent assay; ESR, erythrocyte sedimentation rate; HA, hyaluronic acid; HABP, hyaluronic acid binding protein; HAQ, Health Assessment Questionnaire; RA, rheumatoid arthritis; RF, IgM rheumatoid factor; SE, HLA-DRB1 shared epitope; VAS, visual analogue scale Analysis Triplicate reference standards with HA at 102800 ng/ml were included on each plate for the standard curve, together with the one patient's serum as an internal quality control for interassay reproducibility. Subjects' HA levels were interpolated from the standard curve using third order polynomial regression (PRISM version 4.00, GraphPad Software, San Diego, CA). Differences between groups were tested by the Mann-Whitney test for independent samples, and correlations were calculated using the Spearman coefficient.
RESULTS
Hyaluronic acid levels
The HABP based ELISA for HA performed well, with mean interassay and intra-assay coefficients of variation of 8.7% and 2.7%, respectively. The manufacturers' ''normal range'' was quoted as ,100 ng/ml; alternatively, we used a locally derived cut off point of 60 ng/ml, based on the control subjects' mean plus two standard deviations. One patient had an HA level two orders of magnitude higher on four occasions (3198, 494, 318, and 2808 ng/ml); this subject's values were excluded from the final analysis.
Patients with early RA had higher HA levels than controls (median levels 37.4 v 29.1 ng/ml, respectively, p,0.02), but this difference was less marked at baseline than at later assessments (table 1), the rises at individual times achieving statistical significance at 1 and 2 years only. HA levels were higher in male than in female patients (table 1) and correlated weakly with increasing age (patients with RA, Spearman r s = 0.276, p = 0.015; controls, r s = 0.41, p = 0.070). No significant difference was found in HA level between RF seropositive and seronegative patients, or between those with and those without the HLA-DRB1 shared epitope sequence, which is associated with severity (table 1) . Overall, serum HA levels considered at all times were higher in the erosive than the non-erosive group (p = 0.049).
Relation to disease activity and outcomes
Patients with erosions at the 1 year follow up had higher serum HA levels at 6 months (erosive 44.8 ng/ml v nonerosive 28.1 ng/ml (p = 0.0187)). Patients with erosions at 2 years had higher serum HA levels at 6 (57.3 v 26.8 ng/ml (p = 0.0015)) and at 12 months (57.5 v 21.9 ng/ml (p = 0.0086)). However, the baseline HA level was not significantly raised in patients with subsequent erosions after the 1 or 2 year follow up (p = 0.53, 0.19, respectively).
With a definition of ''raised'' HA using the manufacturer's upper limit of normal of 100 ng/ml, test sensitivity for erosions at the 2 year follow up was 22.8%, specificity 89.5%, positive predictive value 71.5%, and negative predictive value 50.8%; using the locally derived cut off point of 60 ng/ml, the corresponding test performance values were 40.6%, 77.1%, 66.7%, and 53.5%, respectively.
DISCUSSION
This study used an HABP based sandwich ELISA to show that serum HA level is raised in patients with early RA and correlates with clinical and laboratory measures of disease activity. However, the rise in HA in our patients was not as dramatic as previously reported. 2 5 6 This may reflect the shorter disease duration of our cohort and the contemporary trend towards more aggressive early treatment, as the mass of inflamed synovial tissue has been found to correlate with HA level. 2 There are conflicting previous reports on the correlation between HA level and CRP and ESR, 2 5 6 found to be substantial in this study. This may in part reflect differences in patient selection and treatment. In one study HA level tended to correlate with these two markers at study entry, but with the institution of drug treatment the correlation was lost, as the HA level continued to be raised while the levels of other markers of inflammation decreased. 6 The HA level is reported to change in response to physical activity, and along with other biomarkers related to matrix turnover it shows significant diurnal variation. 12 All samples were taken in an ambulant outpatient setting using the same venepuncture technique from the antecubital fossa with a brachial tourniquet and put into gel activated serum separation tubes, and most samples were taken during the morning. As no attempt was made to standardise recent physical activity, including weight bearing or ambulation, before the clinic visit, and we did not stratify for sample collection time, it is possible that additional variability introduced might have obscured a stronger relationship with disease activity and outcome measures.
Although statistically significant, the correlations between serum HA level and clinical indices of disease activity were relatively weak (all r s ,0.3). The strongest correlations were with other laboratory indices of disease activity (ESR, r s = 0.436; CRP, r s = 0.422) rather than clinical.
As HA is synthesised by synoviocytes and is also a prominent component of articular cartilage, an increased systemic level might act as an early indicator of structural damage and hence provide a useful prognostic marker. 5 7 Although we found that erosive disease was associated with raised HA levels at some times, this was not the case for baseline levels which would be of most relevance for making an early decision on aggressive treatment. Moreover, neither of the cut off levels used provided particularly attractive sensitivity, specificity, or predictive value for use as a practical diagnostic test. Similarly, Fex and colleagues found that although baseline HA levels correlated with follow up radiography, they did not add to the predictive value of baseline ESR. 7 One patient showed very high HA levels. This 58 year old female patient was seronegative for rheumatoid factor, HLA-DRB1 shared epitope negative, erosive at the 2 but not at the 1 year follow up and had normal liver function tests. Paimela and colleagues also noted unusually high levels of HA (1284 and 2456 ng/ml) in one of 40 patients with RA studied, 5 but as in our study could not attribute this to any particular clinical feature. Although HA is most abundant in articular tissues, it is widely distributed, 13 and raised HA has been detected in several other diseases. 14 In summary, although the serum level of HA is raised in RA and shows some relation with disease activity, the information this adds to standard measures is little.
